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Mouse Embryonic Fibroblasts Devoid of both Mitofusin1 and Mitofusin2
can Acutely Shift from Glycolytic to Oxidative Metabolism
Erin Seifert, Cynthia Moffat, Ewa Strus.
Thomas Jefferson University, Philadelphia, PA, USA.
Much progress has been made in the identification of proteins that mediate
mitochondrial fusion, as well as in the elucidation of their role in mitochondrial
quality control. Yet, while deficiency of mitochondrial fusion seems to
induce a mitochondrial dysfunction suggesting a requirement of fusion for
oxidative metabolism, the cause of the dysfunction is unclear. We have
undertaken a bioenergetics analysis to understand the basis of the mitochondrial
dysfunction, using intact mouse embryonic fibroblasts deficient in mitofusin1
and mitofusin2 (DKO) incubated under conditions replete in glycolytic vs.
oxidative substrate. We first noted an approximate doubling of the non-
mitochondrial oxygen consumption (JO2) in DKO cells compared to wild-
type (Wt) MEFs, regardless of substrate. Upon switching from primarily
glycolytic to more oxidative conditions, DKO MEFs, similar to the Wt, in-
creased basal mitochondrial JO2 (oligomycin-sensitiveþoligolycin-insensitive,
non-mitochondrial subtracted), although the rise was smaller in DKO cells (an
increase of 55511 vs. 114511 pmoles/min/40k cells in DKO vs. Wt; values:
mean5sem). When only the oligomycin-sensitive respiration is considered,
the rise was similar in DKO cells (an increase of 121.3510 vs. 135.8513
pmoles O2/min/40k cells in DKO vs. Wt), whereas the oligomycin-sensitive
JO2 decreased in DKO cells only (by ~50%). In both Wt and DKO cells, the
rate of media acidification declined upon switching from glycolytic to oxidative
substrate, indicating a shift from glycolytic to oxidative ATP production. Thus,
as in Wt MEFs, DKOMEFs demonstrate a basal mitochondrial respiration con-
trolled by ATP turnover and substrate oxidation. Differently from the Wt, DKO
mitochondria can exert a significant control of basal JO2 by proton leak, which
could function to compensate for any limitation in mitochondrial capacity.
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Increased Mitochondrial Superoxide Production in the Skeletal Muscle
Derived from a Double-Transgenic Mouse Model of Amyotrophic Lateral
Sclerosis
Chehade N. Karam1, Jianxun Yi1, Carlo Manno1, Han-Xiang Deng2,
Jiajie Xu3, Kaitao Li3, Noah Weisleder4, Jianjie Ma4, Heping Cheng3,
Jingsong Zhou1.
1Rush University Medical Center, Chicago, IL, USA, 2Northwestern
University Feinberg School of Medicine, Chicago, IL, USA, 3Peking
University, Beijing, China, 4The Ohio State University, Columbus,
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Amyotrophic lateral sclerosis (ALS) is an adult-onset neurodegenerative dis-
ease characterized by a progressive loss of motor neurons and muscle atrophy.
Accumulation of mutant superoxide dismutase (SOD1) in mitochondria impairs
mitochondrial function and has been proposed as a potential trigger of the dis-
ease. To study the dynamic function of mitochondria in ALS, we generated
a double transgenic (dTG) mouse model (G93A/mt-cpYFP) overexpressing
an ALS mutant (SOD1G93A) and a novel mitochondrion-targeted superoxide
biosensor (mt-cpYFP). Characterized by its reversible kinetics, mt-cpYFP
has been shown as a valuable tool that allows real-time imaging and quantifica-
tion of the dynamic superoxide bursts in mitochondria, termed ‘‘flashes’’
(Wang 2008; Fang 2011). Here we show that, compared to wild type (WT) con-
trols expressing mt-cpYFP, there is an increased mitochondrial superoxide pro-
duction in skeletal muscle derived from the dTG mice which occurred before
the onset of ALS disease. This is manifested by a significant increase in the am-
plitude of the flash signal (aF/F0 = 0.8750.04, N=71, 5 dTGmice; 0.6450.06,
N=21, 2 WT mice; P=0.015), as well as an increase in the ratio of flashing area
to cell area in fibers from the ALS mice (dTG: 2.350.29, N= 71, 5 mice; WT:
1.250.18, N=42, 3 mice; P=0.008). In contrast, there is no significant change in
the flash frequency and duration between ALS mice and controls, suggesting
that the stereotype of the flash signal is maintained in the diseased muscle.
The increased superoxide generation in mitochondria could be a contributing
factor for muscle degeneration during ALS progression. The molecular mech-
anisms that contribute to this increased superoxide production in the diseased
muscle are under investigation. Supported by MDA and NIAMS/NIH.
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SOD1G93A Mutant forms Aggregates Inside Mitochondria and Alters
Mitochondrial Structure and Dynamics in Skeletal Muscle
Guo Luo1, Jianxun Yi1, Yajuan Xiao1, Frank Yi1, Tian Yu2, Jingsong Zhou1.
1Rush University, Chicago, IL, USA, 2Zunyi Medical College, Zunyi, China.
Amyotrophic lateral sclerosis (ALS) is a fatal neuromuscular degenerative dis-
ease. Mutations in SOD1 (superoxide dismutase 1) is a major cause for most
familial ALS. The transgenic mouse model (G93A) overexpressing mutantSOD1G93A recapitulates many features of the human disease. Immunohisto-
chemical analysis of motor neurons in G93A mice showed accumulation of
SOD1 inside swollen mitochondria (Deng 2006). Our earlier study also found
similar morphological changes in skeletal muscle of G93A mice (Zhou 2010).
SOD1 is a cytosolic protein with a small portion inside mitochondria under
normal conditions. To elucidate why mutant SOD1 causes mitochondrial dys-
function, we targeted SOD1 directly into mitochondria by making constructs
(mt-SOD1-Dendra andmt-SOD1G93A-Dendra) with addition of a mitochondrial
targeting peptide at the N-terminus of SOD1/SOD1G93A and a photoswitchable
fluorescent protein (Dendra2, Addgene) at the C-terminus. Those constructs
were acutely expressed in skeletal muscle of normal mice. 7 days after trans-
fection, muscle fibers expressing SOD1G93A showed aggregated fluorescent
proteins inside mitochondria (SOD1G93A: 91%, n= 24; SOD1: 0%, n=16) and
3-fold more fibers with fragmented mitochondria (SOD1G93A: 67%; SOD1:
19%). Mitochondrial dynamics was also evaluated. After Dendra was photo-
converted from green to red in a fiber area (~ 10 mm x 10 mm), the migration
of Dendra out of the original area was evaluated in both longitudinal and trans-
versal directions. Migration over one sarcomere distance (~2.2 mm) was defined
as one migration step (ms). A significant reduction of mitochondrial dynamics
was found in fibers expressing SOD1G93A (1.45 0.3 ms, n=7) compared with
SOD1 (5.15 1.2ms, n=8) in 20 min. The result is consistent with the finding in
G93A mice. While normal fibers showed 18.7 5 2.3 ms of mitochondrial
migration (n=13), G93A fibers only showed 2.05 0.4 ms (n=12).
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Miro 1 Knockdown in Stem Cells Inhibits Mitochondrial Donation
Mediated Rescue of Bronchial Epithelial Injury
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Manish Kumar1, Suchita Singh1, Rakhshinda Rehman1, Manish Kumar2,
Abhiram Jha3, Mohan Wani4, Ulaganathan Mabalirajan1, Balaram Ghosh1,
Soumya Sinha Roy1, Anurag Agrawal1.
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of Medical Sciences, New Delhi, India, 4National Centre for Cell Science,
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There is emerging evidence that stem cells can rejuvenate damaged cells by
mitochondrial transfer. Here we show that Miro1, a calcium sensor that regu-
lates mitochondrial movement in neurons, mediates mitochondrial transfer by
mesenchymal stem cells (MSC) and determines their repair potential. MSC
overexpressing Miro1 (MSC-Miro-Hi) show enhanced mitochondrial transfer
and rescue of stressed epithelial cells, while MSC lacking Miro1 (MSC-Miro-
Lo) were ineffective. Other Miro1 expressing mesenchymal-origin cells like
fibroblasts could also donate mitochondria to stressed epithelial cells, with
low levels of Miro1. The therapeutic relevance was tested in mouse models
of rotenone induced airway injury and asthma, which has earlier been associated
with epithelial mitochondrial dysfunction. Miro1 levels and mitochondrial-
donor capacity of MSC were directly related to attenuation of apoptosis, airway
hyperresponsiveness and remodeling. In both models, treatment with MSC-
Miro-Hi was associated with better outcomes, and MSC-Miro-Lo with worse
outcomes, compared to control MSC. In summary, our work provides new
understanding regarding how mitochondrial transfer from stem cells happens,
shows that other mesenchymal origin cells may share this property, provides
definitive evidence that mitochondrial transfer is essential for stem cell medi-
ated rescue in mouse models of asthma and airway injury, and most importantly
enables strategies for increasing the repair potential of stem cells.
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VDAC1-Based Peptides: Novel Pro-Apoptotic Agents and a Potential
Therapeutic Drug for B-Cell Chronic Lymphocytic Leukemia
Varda Shoshan-Barmatz, Tal Prazma, Anna Shteinfer, Lee Admoni,
Ilan Sela.
Ben-Gurion University, Beer Sheva, Israel.
VDAC1 at the outer mitochondrial membrane allows for exchange of
metabolites between the mitochondrion and the cytoplasm, thus assuming
a fundamental role in cell energy metabolism. VDAC1 is also a key player
in mitochondria-mediated apoptosis, controlling the release of mitochondrial
apoptogenic proteins such as cytochrome c (Cyt c) and interacts with anti-
apoptotic proteins, hexokinase (HK) and Bcl-2 family proteins. Overexpression
of these anti-apoptotic proteins is thought to underlie anti-apoptotic defense
mechanisms of cancer cells, including B-cell chronic lymphocytic leukemia
(CLL). CLL is characterized by clonal expansion of mature B cells that occurs
mainly due to the inability of these cells to undergo apoptosis. using specifi-
cally designed VDAC1-based cell-penetrating peptides we targeted the anti-
apoptotic proteins to prevent their anti-apoptotic activity. In this study, we
demonstrate that the VDAC1-based peptides selectively kills peripheral blood
660a Wednesday, February 6, 2013mononuclear cells (PBMCs) obtained from CLL patients, while sparing those
obtained from healthy donors. Cell death-inducing competence of the peptides
was well correlated with the amount of CD19/CD5 cancerous CLL PBMCs, fur-
ther illustrating peptides selectivity towards cancer cells. Furthermore, these
VDAC1-based peptides induce apoptosis by activating the intrinsic pathway, re-
flected inmembrane blebbing, release ofmitochondrial cytochrome c, decreased
cellular ATP levels, detachment of HK, and apoptotic cell death. This study thus
reveals the potential of VDAC1-based peptides as a means to overcome the
chemo-resistance of CLL cancer cells. In addition, a marked over-expression
not only of Bcl2 but also of VDAC1, MAVS, AIF and SMAC/Diablo was ob-
served in PBMCs from CLL patients, in comparison to those from healthy do-
nors. This proteins expression profile can serve as a biomarker to forecast
cancer development, treatment efficacy and potentially enable early diagnosis.
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Polyhydroxybutyrate Derivative Induces Cyclosporin a Sensitive
Mitochondrial Depolarization in Mammalian Cultured Cells
Pia A. Elustondo1, Alejandro M. Cohen1, Micha1 Kawalec2,
Micha1 Michalak2, Elena Dedkova3, Piotr Kurcok2, Evgeny Pavlov1.
1Dalhousie University, Halifax, NS, Canada, 2Polish Academy of Sciences,
Zabrze, Poland, 3Rush University Medical Center, Chicago, IL, USA.
Polyhydroxybutyrate is a biological polyester of 3-hydroxybutyric acid (HB)
that is ubiquitously present in all organisms. In higher eukaryotes PHB is found
in the length of 10 to 100 HB units and can be present in free form as well as in
association with proteins and inorganic polyphosphate. Our earlier studies
indicate that PHB might play a significant role in mitochondrial function
through participation in calcium uniporter and Permeability Transition Pore
(PTP) activities. Here we tested the ability of PHB to interact with themitochon-
dria and regulate their function. To do this, we synthesized a fluorescein deriv-
ative of PHB (Fluo-PHB) and evaluated its distribution and effects in intact
cultured HeLa cells using laser confocal microscopy. When added to the cells,
Fluo-PHB rapidly accumulated inside the mitochondria. Fluo-PHB accumula-
tion induced a transient increase of themitochondrial membrane potential (mea-
sured using TMRMprobe) indicating stimulation of the mitochondrial function.
Further accumulation of Fluo-PHB led to mitochondrial membrane depolariza-
tion. This membrane depolarization was prevented by the inhibitor of the
mitochondrial PTP - Cyclosporin A. Interestingly depolarization was not ac-
companied by mitochondrial swelling, typical for PTP opening. Fluorescein
di-butyrate (Fluo-diB), used as a control compound, was able to distribute inside
the cell but did not show preferential mitochondrial localization and did not
affect mitochondrial function and membrane transport. Our data suggest that
mitochondria are capable to actively accumulate PHB and that this accumula-
tion leads to significant changes in the mitochondrial membrane permeability.
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Role of Polyphosphate in Mitochondria: From Modification of Energy
Metabolism to Induction of the Cell Death
Artyom Y. Baev1, Kira M. Holmstrom2, Yulia V. Levitskaya3,
Andrey Y. Abramov2.
1National University of Uzbekistan, Tashkent, Uzbekistan, 2UCL Institute of
Neurology, London, United Kingdom, 3National University of Uzbekistan,
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Inorganic polyphosphate (polyP) is found in all living organisms ranging from
bacteria to mammals. PolyP plays multiple physiological functions, which are
distinct and dependent on the type of organism and the subcellular localization
of the polymer. Recentlywe demonstrated that polyP levels are dependent on the
cell metabolism and can be changed by mitochondrial substrates and inhibitors.
We propose the existence of a feedbackmechanismwhere polyP production and
cell energy metabolism regulate each other. In order to investigate this we study
the effect of polyP on mitochondrial oxygen consumption. We have found that
application of short polyP (14 phosphate residues) or medium polyP (70 orto-
phosphates) significantly increase the level of respiratory coefficient by activa-
tion of state V3 and inhibition of V4 compare to control. Importantly, both short
andmediumpolyP significantly reduced efficiency of oxidative phosphorylation
(ADP/O ratio). It has previously been reported that polyP canmodifymembrane
permeability for ions that can be a trigger for changes in mitochondrial metab-
olism. Furthermore polyP has been linked to activation of themitochondrial per-
meability transition pore (mPTP) in different cells that also can be activated by
calcium. Long, medium, and in lower degree, short polyP increase permeability
of de-energised mitochondria for Ca2þ. This effect was dependent on inhibitor
ofmPTP - cyclosporineA.We also found that long polyP (130 orthophosphates)
caused cell death in primary neurons and astrocytes, while medium (70) polyP
had a much smaller effect and short (14) did not cause any. Thus, polyP has
a multiple action on mitochondrial function frommodification of mitochondrial
energy metabolism to stimulation of calcium permeability and cell death.3389-Pos Board B544
Type a Bax Channels: The Highly Voltage-Gated Form of this Killer
Protein
Shang H. Lin, Meenu N. Perera, Toan Nguyen, Marco Colombini.
University of Maryland, College Park, College Park, MD, USA.
Bax, a pro-apoptotic protein, translocates from the cytosol to the mitochondrial
outer membrane (MOM) where it oligomerizes and forms channels. When
reconstituted into planar phospholipidmembranes, Bax forms two types of chan-
nels: TypeA and TypeB. The former is voltage-gated and is the focus of this pre-
sentation. Electrophysiological studies of a single Type A channel show
a complex gating pattern: a trimer of conductance decrements each with distinct
voltage gating. The results are interpreted in terms of a linear trimer of strongly
interacting subunit channels with the middle subunit oriented in the opposite di-
rection from the others. The closing of the first subunit occurred aroundþ70mV
with slow kinetics and steep voltage dependence. The second subunit didn’t gate
until the first one closed, after which, it closed with n = 13 and V0 ~ 22 mV.
Only with the second subunit closed, did the third subunit can start to gate. It
closed with n = 32 and V0 ~ þ25 mV. Note that all the gating events are ex-
tremely voltage-dependent probably due to the oligomeric nature of the subunit
channel. The restricted gating indicates that the gating domains are restricted by
the state of neighboring subunits. Whereas the first and third subunits closed at
positive voltage, the second subunit closed at negative indicating an opposite ori-
entation. Adjacent trimeric channels provide opportunities for further interac-
tion. A higher n value (20) was observed for gating of the second subunit in
multi-channel membranes. This complex functional behavior provides insights
into the properties and interactions of Bax proteins in membranes. These prop-
erties likely contribute to the decision-making process leading either to the for-
mation largeBax channels and apoptosis or small Bax channels and cell survival.
(supported by NSF grant MCB-1023008)
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Evolution of Antibiotic Resistance through a Multi-Peaked Adaptive
Landscape
Erdal Toprak1,2, Adam C. Palmer2, Seungsoo Kim3, Adrian Veres2,
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MA, USA, 3Harvard University, Boston, MA, USA.
Antibiotic resistance is an evolving threat to public health. Understanding the
evolution of antibiotic resistance at the genetic level is critical to develop novel
strategies to diagnose and treat antibiotic resistant infections.We recently devel-
oped an automatedmicrobial selection device, the ‘‘morbidostat’’, which is used
to study the evolution of antibiotic resistance in dynamically sustained drug se-
lection. Themorbidostat adjusts drug concentrations tomaintain nearly constant
inhibition of bacterial growth even as evolving bacterial populations acquire
higher resistance. using the morbidostat and next generation sequencing, we
identified striking features in the evolution of trimethoprim resistance in five
E. coli populations evolving in parallel. We found that resistance was acquired
in a stepwise manner, through multiple mutations almost exclusively restricted
to the gene encoding trimethoprim’s target, dihydrofolate reductase (DHFR).
Multiple distinct genotypes produced very similar trimethoprim resistant pheno-
types, with each highly evolved strain each containing four mutations from a set
of six possibilities, that were acquired in a non-random order. Never were more
than four mutations acquired, despite sustained selection for further increases in
drug resistance, indicating that these genotypes were local adaptive peaks.
In order to understand how the adaptive landscape of drug resistance contained
multiple peaks, all combinatorial sets of adaptive mutations in the DHFR gene
(96 strains) were constructed and characterized. These measurements showed
that resistance evolves through an almost maximally rugged adaptive landscape
with direct and indirect trajectories leading to distinct peaks. The ruggedness
was not explained by pairwise incompatibilities between mutations, instead
indicating ‘high-order’ genetic interactions between mutations. These high-
order interactions were responsible for the existence of multiple adaptive peaks.
One mutation was seen to have the power to control the adaptive landscape: its
presence or absence largely defined the ruggedness or smoothness of the adap-
tive landscape.
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Protein: Protein Interactions in Control of the Escherichia Coli Biotin
Protein Ligase Functional Switch
Dorothy Beckett, Poorni Adikaram.
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Although many proteins are known to undergo functional switches in response
to cellular signals, there are very few cases for which the detailed mechanism of
